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15 FIELD OF THE INVENTION 



The present invention relates to broadcast routers and, more particularly, to a 
broadcast router configured for alternately receiving multiple or redundant reference inputs at 
an input side thereof. 

BACKGROUND OF THE INVENTION 

20 A broadcast router allows each one of a plurality of audio outputs therefrom to be 

assigned the signal from any one of a plurality of audio inputs thereto. For example, an N x M 
broadcast router has N audio inputs and M audio outputs coupled together by a router matrix 
which allows any one of the N audio inputs to be applied to each one of the M audio outputs. 
In addition, a broadcast router requires at least one reference input. A variety of reference 

25 signals which may be applied to a reference input are known. They include, among others, a 
video black reference signal, a tri-level synchronization signal and a digital audio reference 
signal ("DARS")- Reference signals such as these may be used by the broadcast router for a 
variety of purposes. Oftentimes, a reference signal is used to time switches within the 
broadcast router. A broadcast router may also use a reference signal for synchronization 

30 purposes. For example, a broadcast router may retime its audio outputs to be closer to the 
reference signal than to the audio inputs. Prior broadcast routers used phased lock loop 
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techniques to continually align its audio outputs to the incoming reference signal. Since an 
attempt to synchronized a non-sjoichronous signal will damage the signal, ^uch broadcast 
routers also required the use of a sync/non-sync detection circuit which determined whether 
the output audio signal should be synchronized. 
5 Broadcast routers having multiple reference inputs are known in the art. In the past, 

however, multiple reference inputs have been predefined as either redundant or independent. 
Jf the multiple reference inputs were redundant to one another, the same reference signal 
would be supplied to each reference input. Conversely, if the multiple reference inputs were 
independent of one another, a different reference signal would be supplied to each reference 
10 input. Once predefined as either redundant or independent, the multiple reference inputs 
could not be used as the other unless the broadcast router was physically modified in some 
fashion, for example, by actuating a physical switch or. selecting a setting using a graphical 
user interface ("GUT'). 

SUMMARY OF THE INVENTION 

15 A broadcast router includes a first reference input, a second reference input, a 

reference select circuit coupled to the first and second reference inputs and at least one router 
component coupled to the reference select circuit. The reference select circuit is configured 
to: (1) pass a first signal applied to the first reference input to the at least one router 
component as a first reference signal and pass a second signal applied to the second reference 

20 input to the at least one router component as a second reference signal upon determining that 
the first and second signals are error-free; (2) pass the first signal to the at least one router 
component as the first reference signal and as the second reference signal upon determining 
that the first signal is error-firee and the second signal is not error-firee; and (3) pass the second 
signal to the at least one router component as the first reference signal and as the second 

25 reference signal upon deterradning that the first signal is not error-free and the second signal is 
error-free. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a fully redundant linearly expandable broadcast router 
constructed in accordance with the teachings of the present invention; 
30 FIG, 2 is an expanded block diagram of a router matrix of the broadcast router of FIG. 1 ; 

and 
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FIG^ is a flow chart of a method of selectively providing multiple or redmidant 
reference inputs to the broadcast router of FIG. 1 . 

DETAILED DESCRIPTION 
Referring first to FIG. 1, a broadcast router 100 which has been configured for 
5 alternately receiving multiple or redundant reference inputs in accordance with the teachings 
of the present invention will now be described in greater detail. As disclosed herein, the 
broadcast router 100 is a fully redundant linearly expandable broadcast router. It should be 
clearly understood, however, that it is fully contemplated that other types of broadcast routers 
besides the specific type of broadcast router disclosed herein may be configured for alternately 

10 receiving multiple or redundant reference inputs as well. As may now be seen, the fully 
redundant linearly expandable broadcast router 100 is comprised of plural broadcast router 
components coupled to one another to form the larger fully redundant linearly expandable 
broadcast router 100. Each broadcast router component is a discrete router device which 
includes first and second router matrices, the second router matrix being redundant of the first 

15 router matrix. Thus, each broadcast router has first and second routing engines, one for each 
of the first and second router matrices, each receiving, at an input side tihereof, the same input 
digital audio streams and placing, at an output side thereof, the same output digital audio 
streams. As disclosed herein, each of the broadcast router components used to construct the 
fully redundant linearly expandable broadcast router are N x M sized broadcast routers. 

20 However, it is fully contemplated that the fully redundant linearly expandable broadcast router 
100 could instead be constructed of broadcast router components of different sizes relative to 
one another. 

As further disclosed herein, the fully redundant linearly expandable broadcast router 
100 is formed by coupling together first, second, third and fourth broadcast router components 

25 102, 104, 106 and 108. Of course, the present disclosure of tihe fully redundant linearly 
expandable broadcast router 100 as being formed of four broadcast router components is 
purely by way of example. Accordingly, it should be clearly understood that a fully redundant 
linearly expandable broadcast router constmcted in accordance with the teachings of the 
present invention may be formed using various other numbers of broadcast router components 

30 as long as the total number of broadcast router components which collectively form the 
linearly expandable broadcast router is equal to or greater than three. The first, second, third 
and fourth broadcast router components 102, 104, 106 and 108 which, when fully connected 
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in the manner disclosed herein, collectively form the fully redundant linearly expandable 
broadcast router 100, may either be housed together in a common chassis as illustrated in FIG. 
1 or, if desired, housed in separate chassis. While, as previously set forth, the broadcast router 
components 102, 104, 106 and 108 may have different sizes relative to one another or, in the 
5 alternative, may aU have the same N x M size, one size that has proven suitable for the uses 
contemplated herein is 256 x 256. Furthermore, a suitable configuration for the fully 
redundant linear expandable broadcast router 100 would be to couple five broadcast router 
components, each sized at 256 x 256, thereby resulting in a 1,280 x 1,280 broadcast router. 

The first broadcast router component 102 is comprised of a first router matrix 102a 
10 and a second (or redundant) router matrix 102b used to replace the first router matrix 102a in 
the event of a failure thereof. Similarly, each one of the second, third and fourth broadcast 
router components 104, 106, and 108 of the fully redundant linearly expandable broadcast 
router 100 are comprised of a first router matrix 104a, 106a and 108a, respectively, and a 
second (or redundant) router matrix 104b, 106b and 108b, respectively, used to replace the 
15 first router matrix 104a, 106a and 108a, respectively, in the event of a failure* thereof. Of 
course, the designation of the second router matrices 102b, 104b, 106b and 108b as backups 
for the first router matrices 102a, 104a, 106a and 108a, respectively, is purely arbitrary and it 
is fully contemplated that any either of a router matrix pair residing within a broadcast router 
component may act as a backup for the other of the router matrix pair residing within that 
20 broadcast router component. 

As may be further seen in FIG. 1, the first router matrix 102a of the first broadcast 
router component 102, the first router matrix 104a of the second broadcast router component 
104, the first router matrix 106a of the third broadcast router component 106 and the first 
router matrix 108a of the fourth broadcast router component 108 are coupled together in a first 
25 arrangement of router matrices which conforms to a fully connected topology. Similarly, the 
second router matrix 102b of the first broadcast router component 102, the second router 
matrix 104b of the second broadcast router component 104, the second router matrix 106b of 
the third broadcast router component 106 and the second router matrix 108b of the fourth 
broadcast router component 108 are coupled together in a second arrangement which, like the 
30 first arrangement, conforms to a fully connected topology. In a fiiUy connected topology, each 
router matrix of an arrangement of router matrices is coupled, by a discrete link, to each and 
every other router matrix forming part of the arrangement of router matrices. 
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Thus, for the first arrangement of router matrices, first, second and third bi-directional 
links 110, 112 and 114 couples the first router matrix 102a of the first broadcast router 
component 102 to the first router matrix 104a of the second broadcast router component 104, 
the first router matrix 106a of the third broadcast router component 106 and the first router 
5 matrix 108a of the fourth broadcast router component 108, respectively. Additionally, fourth 
and fifth bi-directional links 116 and 118 couple the first router matrix 104a of the second 
broadcast router component 104 to the first router matrix 106a of the third broadcast router 
component 106 and the first router matrix 108a of the fourth broadcast router component 108, 
respectively. Finally, a sixth bi-directional link 120 couples the first router matrix 106a of the 
10 third broadcast router component 106 to the first router matrix 108a of the fourth broadcast 
router component 108. Variously, the bi-directional links 110 through 120 may be formed of 
copper wire, optical fiber or another transmission medium deemed suitable for the exchange 
of digital signals. 

Similarly, for the second arrangement of router matrices, first, second and third bi- 

15 directional links 122, 124 and 126 couples the second router matrix 102b of the first broadcast 
router component 102 to the second router matrix 104b of the second broadcast router 
component 104, the second router matrix 106b of the third broadcast router component 106 
and the second router matrix 108b of the fourth broadcast router component 108, respectively. 
Additionally, fourth and fifth bi-directional links 128 and 130 couple the second router matrix 

20 104b of the second broadcast router component 104 to the second router matrix 106b of the 
third broadcast router component 106 and the second router matrix 108b of the fourth 
broadcast router component 108, respectively. Finally, a sixth bi-directional link 132 couples 
the second router matrix 106b of the third broadcast router component 106 to the second 
router matrix 108b of the fourth broadcast router component 108. Again, the bi-directional 

25 links 122 through 132 may be formed of copper wire, optical fiber or another transmission 
medium deemed suitable for the exchange of digital signals. Of course, rather than the single 
bi-directional links between pairs of router matrices illustrated in FIG. 1, in an alternate 
embodiment of the invention, it is contemplated that the pairs of router matrices may instead 
be coupled together by first and second uni-directional links. Such an alternate configuration 

30 is illustrated in FIG. 2. 

Referring next to FIG. 2, the first router matrix 102a of the first broadcast router 
component 102 will now be described in greater detail. As may now be seen, the first router 
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matrix 102a of the first broadcast router component 102 is comprised of a routing engine 134, 
a transmit expansion port 136, a first receive expansion port 138, a second receive expansion 
port 140, a third receive expansion port 142 and a reference select circuit 144. By the term 
"transmit" expansion port, it is intended to refer to an expansion port from which data is 

5 transmitted to a selected destination. Similarly, by the term "receive" expansion port, it is 
intended to refer to an expansion port which receives data from a destination. Residing within 
the routing engine 134 is switching means (not shown) for assigning any one of plural input 
digital audio data signals received as inputs to the routing engine 134 to any one of plural 
output lines of the routing engine 134. Variously, it is contemplated that the routing engine 

10 134 may be embodied in software, for example, as a series of instructions; hardware, for 
example, as a series of logic circuits; or a combination thereof. In a broad sense, the transmit 
expansion port 136 of the first router matrix 102a of the first broadcast router component 102 
is comprised of a memory subsystem (not shown) in which plural input digital audio data 
streams may be buffered before transfer to their final destinations and a processor subsystem 

15 (also not shown) for controlling the transfer of the plural input digital audio data streams 
received by the transmit expansion port 136 to a receive expansion port of the first router 
matrix of another broadcast router component. Conversely, each one of the first, second and 
third receive expansion ports 138, 140 and 142 of the first router matrix 102a are, in a broad 
sense, comprised of a memory subsystem (not shown) in which plural input digital audio data 

20 streams received from a transmit expansion port of a first router matrix of another broadcast 
router component may be buffered before transfer to their final destination and a processor 
subsystem (also not shown) for controlling the transfer of the input digital audio data streams 
received from the receive expansion port of the first router matrix of the other broadcast router 
component to inputs of the routing engine 134. 

25 The router matrix 102a includes an input side 102a- 1 equipped with one or more data 

inputs 143 and an ouQ)ut side 102a-2 equipped with one or more data ou^uts 149. N input 
digital audio data streams are received by the one or more data inputs 143 and transported to 
the routing engine 134 and the transmit expansion port 136- It is contemplated that the router 
matrix 102a shall conform to either the Audio Engineering Society-3 (or "AES-3") standard or 

30 the multichannel digital audio interface (or "MADF*) standard set forth in the AES-10 
standard. In this regard, it should be noted that a MADI input digital audio data stream may 
contain up to 32 AES-3 digital audio data streams. Accordingly, if the AES-3 standard is 
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used, the router matrix 102a will require N inputs 143 to receive the N digital audio data 
streams to be transported to the routing engine 134 and the transmit expansion port 136. 
Conversely, if the MADI standard is used, the router matrix 102a will need only N/32 inputs 
143 to receive the N digital audio data streams to be transported to the routing engine 134 and 

5 the transmit expansion port 136. Of course, extraction circuitry (not shown), within the router 
matrix 102a, would be needed to extract the N AES-3 input digital audio data streams from 
the MADI input digital audio data stream. Of course, it should be readily appreciated that 
other types of input data streams other than the input digital audio streams disclosed herein are 
equally suitable for use with the first router matrix 102a of the first broadcast router 

10 component 102. For example, it is contemplated that the first router matrix 102a of the first 
broadcast router component 102 may instead be used with other low bandwidth digital signals 
such as compressed video and data signals. It is further contemplated that, with minor 
modifications, for example, faster hardware, the first router matrix 102a of the first broadcast 
router component 102 may be used with non-compressed digital video signals. 

15 Input digital audio data streams 1 through N are fed into the routing engine 134 and the 

transmit expansion port 136 of the first router matrix 102a of the first broadcast router 
component 102. From the transmit expansion port 136, input digital audio data streams 1 
through N are forwarded to a receive expansion port (not shown) of the first router matrix 
104a of the second broadcast router component 104 over the link 110, a receive expansion 

20 port (also not shown) of the first router matrix 106a of the third broadcast router component 
106 over the link 112 and a receive expansion port (also not shown) of the fourth router 
matrix 108a of the fourth broadcast router component 108 over the link 114. In tum, input 
digital audio data streams N+1 through 2N are transmitted, by a transmit expansion port (not 
shown) of the first router matrix 104a of the second broadcast router component 104, to the 

25 first receive expansion port 138 over the link 110, input digital audio data streams 2N+1 
through 3N are transmitted, by a transnndt expansion port (also not shown) of the first router 
matrix 106a of the third broadcast router component 106, to the second receive expansion port 
140 over the link 112 and input digital audio data streams 3N+1 through 4N are transmitted, 
by a transmit expansion port (also not shown) of the first router matrix 108a of the fourth 

30 broadcast router components 108, to the third receive expansion port 142 over the link 1 14. 
Finally, input digital audio data streams N+1 through 2N are fed into the routing engine 134 
by the first receive expansion port 138, input digital audio data streams 2N+1 through 3N are 
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fed into the routing engine 134 by the second receive expansion port 140 and input digital 
audio data streams 3N+1 through 4N are fed into the routing engine 134 by the third receive 
expansion port 142. 

The router matrix 102a utilizes a non-traditional approach to the synchronization of 
5 input and/or output signals. More specifically, rather than continually aligning the input 
and/or output signals to a reference signal, the router matrix 102a will align a signal with the 
reference signal only once. If the signal to be aligned is a synchronous signal, it will stay 
aligned. Conversely, if the signal to be aligned is not a synchronous signal, while it won't stay 
aligned, it will not be damaged in any way. Because synchronization is achieved using a 

10 single alignment with the reference signal, the router matrix 102a performs the same with a 
correct reference signal, an incorrect reference signal or a missing reference signal. Of course, 
there are a number of conditions, including acquiring a new input signal, switching to a 
different input signal and acquiring a new reference signal, which will cause the router matrix 
to subsequently perform another re-alignment with the reference signal. 

15 Turning to FIG. 2, therefore, the configuration of the router matrix 102a will allows for 

the selective receipt of multiple or redundant inputs will now be described in greater detail. 

As may now be seen, the router matrix 102a further includes a first reference input 146 
and a second reference input 148. As previously set forth, the first and second reference 
inputs 146 and 148 may be used, depending on user preference, to provide a redundant 

20 reference input or multiple reference inputs to the router matrix 102a. If the user prefers that 
the second reference input 148 be used to provide a redundant reference input to the router 
matrix 102a, REF A, the signal applied to the first reference input 146 by the user would be 
generally identical to REF B, the signal applied by the user to the second reference input 148. 
While generally identical, however, to ensure the availability of REF B in the event that REF 

25 A is lost, it is preferred that REF A and REF B are supplied by discrete signal sources. 
Conversely, if the user prefers that the first and second reference inputs 146 and 148 are used 
to provide multiple reference inputs to the router matrix 102a, reference signal REF A would 
be different from reference signal REF B. For example, REF A may have a frequency of 60 
MHz while REF B may have a frequency of 50 MHz. 

30 The reference signals REF A and REF B applied to first and second inputs 146 and 

148, respectively, are fed into the reference select circuit 144. In tum, the reference select 
circuit 144 propagates corresponding reference signals REF A' and REF B' for use by one or 
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more reference signal-demanding components of the router matrix 102a. As illustrated in 
FIG. 2, each one of the reference signals REF A' and REF B' output the reference select 
circuit 144 are transferred to the routing engine 134 and the transmit expansion port 136. It 
should be noted, however, that it is fully contemplated that each one of the reference signals 
5 REF A' and REF B' ou^ut the reference select circuit 134 are also transferred to each one of 
the first, second and third receive expansion ports 138, 140 and 142 but that the 
interconnections necessary to show such transfers were omitted from FIG. 2 to maintain 
clarity of the drawing. It should also be clearly understood that it is further contemplated that" 
the aforementioned reference signals may also be propagated to any number of other 

10 components of the router matrix 102a which were omitted from FIG. 2 for ease of description. 
Finally, it should be understood that the foregoing disclosure of the router matrix 102a as 
having first and second reference inputs 146 and 148 to which first and second reference 
signals are applied is purely by way of example and it is fully contemplated that the router 
matrix 102a may, if desired, have any number of additional reference inputs to which 

15 additional discrete reference signals and/or additional redundant reference signals may be 
applied. 

Referring next to FIG. 3, the method by which the reference select circuit 144 
determines which signals to be output as reference signals REF A' and REF B' will now be 
described in greater detail. The method conmiences at step 150 and, at step 152, the reference 

20 select circuit detect circuit 144 determines if the reference signal REF A is "error-free". As 
disclosed herein, the term "error-free" is hereby defined as indicating that the reference signal 
is present and "locked". In turn, the term "locked" is hereby defined as indicating that the 
frequency of the reference signal is relatively constant. If the reference signal REF A is error- 
free, the method continues on to step 154 where the reference select circuit 144 determines if 

25 the reference signal REF B is error-firee. If the reference select circuit 144 determines that the 
reference signal REF B is also error-free, the method proceeds to step 156 where the reference 
select circuit 144 sets the reference signal REF A' to the reference signal REF A and the 
reference signal REF B' to the reference signal REF B. Having selected the reference signals 
to be used as the reference signals REF A' and REF B', the method would then end at step 

30 158. 

Returning to step 154, if, however, the reference select circuit 144 determines that the 
reference signal REF B is not error-firee, i.e., the REF B signal is either absent or the frequency 
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is changing excessively, the method will instead proceed to step 160 where the reference 
select circuit 144 sets the reference signal REF A' to the reference signal REF A and sets the 
reference signal REF B' to the reference signal REF A. Again, having selected the reference 
signals to be used as the reference signals REF A' and REF B', the method would then end at 
5 step 158. 

Returning to step 152, if, however, the reference select circuit 144 determines that the 
reference signal REF A is not error-firee, i.e., the REF A signal is either absent or the 
frequency is changing excessively, the method will instead proceed to step 162. At step 162, 
the reference select circuit 144 will determine if the reference signal REF B is present. If it is 

10 determined that the reference signal REF B is error-free, the method will continue on to step 
164 where the reference select circuit 144 sets the reference signal REF A' to the reference 
signal REF B and sets the reference signal REF B' to the reference signal REF B. Again, 
having selected the reference signals to be used as the reference signals REF A* and REF B', 
the method would then end at step 158. If, however, the reference select circuit 144 

15 determines, at step 162, that the reference signal REF B is not present, the method will 
proceed to step 166 where the reference select circuit 144 will set the reference signals REF 
A* and REF B' based upon a set of pre-selected default criteria. It is contemplated that a 
variety of default criteria may be used. For example, one pre-selected set of default criteria 
may be that, in the absence of either the reference signal REF A or the reference signal REF B, 

20 the reference select circuit 144 may generate a 60 MHz signal for output as the reference 
signal REF A' and the reference select circuit 144 may generate a 50 MHz signal for output as 
the reference signal REF B'. Alternately, the reference select circuit 144 may be configured 
such that, in the absence of either the reference signal REF A or the reference signal REF B, 
the reference select circuit 144 may decline to provide either the reference signal REF A* or 

25 the reference signal B\ Jn such a configuration, the components of the router matrix 102a 
which receive the reference signal A' and/or the reference signal B' from the reference select 
circuit 144 should be configured for operation in the absence of such reference signals. 

It is noted that, in accordance with the method set forth above, the reference select 
circuit 144 will periodically transmit one reference signal, for example, REF A, in place of 

30 another reference signal, for example, REF B. However, because the router matrix 102a 
synchronizes a signal with the reference signal only once, that signal will not be damaged in 
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the event that a non-identical reference signal is used in place of a missing or bad reference 
signal. 

Furthermore, by configuring the first broadcast router component 102a to include the 
first reference input 146, the second reference input 148 and the reference select circuit 144, a 
5 broadcast router which may be selectively operated with multiple or redundant reference 
signals has been achieved. If a user desires to operate the first broadcast router component 
102a with redundant reference inputs, the user need only to hook copies of the same signal to 
both the first reference input 146 and the second reference input 148. Conversely, if a user 
desires to operate the first broadcast router component 102a with multiple independent 
10 references, the user need only to hook a copy of the first signal to the first reference input 146 
and hook a copy of the second signal to the second reference input 148. No further setup 
and/or modification by the user is required for selecting between these alternate modes of 
operation. 

Thus, there has been disclosed and illustrated herein a broadcast router configured for 
15 alternately receiving multiple or redundant reference inputs. Of course, while preferred 
embodiments of this invention have been shown and described herein, various modifications 
and other changes can be made by one skilled in the art to which the invention pertains 
without departing firom the spirit or teaching of this invention. Accordingly, the scope of 
protection is not limited to the embodiments described herein, but is only limited by the 
20 claims that follow. 



